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APPENDIX A

CALIBRATION TERMI NOLOGY

INTRODUCTICN TO CONCEPTS INVOLVED

—— == —_—==

The goals of the cosmic-ray experiment are to determine the
kinds of nuclei present in cosmic-ray fluxes, their relative pro-
portions, and their enerqy distributions..

!Detector telescopes' and pre-defined electronics logic sys-
tems allow measurement of the required data quantities.

A calibration methodology is then applied to the data in order
to determine, within the limits of the experimeatal method, the
absolute values of the atove mentioned quantities.

The paragraphs following in this introduction aré meant to
give general descriptions of the concegté gqlevant to the cali-
bration process. For a more detailed discuésion of the cosmic-
ray experimeats, see the document ISEE/Voyager Overview.

-~

The- Detector Telescope: Rhat does it measure?

——t ==

These terms are briefly explained in the following section.»

telescope element
stack thickness
range FSHeV
endpoint mass line
PHA channel

gain
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The Voyager-1 high energy detector telescorpe (HET) is showa in
pigure 1 - It contains several individual detectors aligned
aloag 2 common axis. The individual detectors are commonly
called tclements of the telescope'. Sometimes the telescope is
also caiied a tdetector stack'. Twdo of the detectors, the Al and
A2 elements are very thin. Two of the elements, Bl and B2, are
cucved. The tTeasons fcr the desiqn of the telescope are not
gyithin the scope of this discussion, but are meaat to give a max-
jmum of information about the fluxes, within the limitations of

[

the experiment as a whole.

The numbers on the figure are the detector element approximate
sizes. other physical characteristics of the telescope will be

mentionad belowv.

Cosmic-ray particles can enter the telescope from the A ele-
ment or B element sides. The particle passes through some or all
of the telescope elements. As it passes thrcough successive ele-
ments, it slows down, loosing some of its energy in them, until
it stops in one, or exits the telescope.

The energy which is lcst in each element can be quantified and
stored on the satellite computers, and relayed to ground receiv-—
ing stations. This particular informatipon is called pulse height
analyzed data, or PHA data. RS '

The path of the particle as it passes through the detectors
falls within limits predicted by range/eanerqy theory. This theo-
ry predicts how far a nucleus of a givea energy will travel
through a stopping material before it actually stops. This dis-
tance turns out to have a statistical spread, so that there ex-
ists an 'average range', a 'mecGian range', aand a ‘'most probable
range!. The exact differences amonqg those rangés are”a function
of the charge and atomic weight of the cosmic?ray particle and
the atomic number and mass of the stcpping material. Protons,
alpha particles, carbon, nitrogea, etc.. all have paths through
the detector stack which can be completely distinguished: from
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each other. This is because the unit energy loss value aloang the
particle path is different for each species,; given that all had

the same initial kinetic enerqgy [(or E/nucleon).

As an example, suppose 5 particles- a protca, an alpha, an ox-
ygen, a carbon, and a nitrogen nucleus, all at 150 MeV —each
passed through A1, 32, and stopped in Ci. The energies deposited
in a1, A2, and C! (the PHA data) are recorded. A plot of Al val-
yes versus A2 values would lcok like Fiqure 22 a .

Each particle species exists in a continuous range of initial
energies which enter the telescope. When the jnitial emergy is
alloved to vary for each particle type, a series of curves,
called mass lines, result. This is illustrated jimn Figure 22 b..

For simplicity Figure 22 b shows only the range of initial en-—
ergies which stopped in the a2 detector. what does the plot look
like for those emergies where the particle stopped in the C1 de-
tector? ~ When the particle just starts to deposit energy in Cli,.
it has just completely penetrated A2. From t@at point on, less
of the initial particle energy is left in Al and_ A2, and more,
relatively, 4is left in C1. The plot then looks like that of
Fiqure 23

The A2 coumplete penetration emergy point is called the A2 de-
tector ENDPOINT. The 'endpoint'“is chacacteristic of the detec-
tor thicknass. Mass line behaviot at the ehapoint is sho¥n in
Figure 24 . '

A 3-dimensional enerqgy plot for a particle which passes
through detectors Al, A2, and C1 is shown in Figure 25 . de
could make a plot to A2 vs C1 and Al vs Cl. They would resemble
the A} vs A2 plot of Figqure 24 . Two endpoint§ are éresent, one
for the A2 detector, and one for Cl.

so far in this discussion we have assumed that the actual en-
ergies ieposited in each detector were known. Actually, they are’
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jetermined thru a process called energy calibratjon.  The energy

deposited in each detector is ‘quantified' in the following way.. -

This enerqy is experimentally measured as an analog signal

from th2 datector. A certain electronic device converts the ana-
1og signal into a digital value. For example, a 10 MevV analog
pulse might be converted into 20 digital units. A 20 MeV signal
pmight b2 converted into 40 digital units. Recall that digital
anits are fundamental to computer storage methods (i.e. bits are

on or off and not partially on or off) . .

These digital units are also called CHANNELS, aad a typical
apper limit in energy which could be haandled by the converter is

represented in 4096 channels.

In the example above we could calculate how many MeV were rep-

resentel by each channel:
10 MeV ——=> 20 units {(channels) ==%> .5 MeV/channel

1f there is a linear tehavior in the converter, which is usu-

ally the case, a maximum energj of
4096 channels ¥ [.5 HeV/chénnel)_= 2048 MeV

could be nmeasured. That nng?er is called the Full Scale HMeV
(FSMeV) value. It is dependent omn a certain experimental paranme-

ter, which can be varied, called the GAILN.

The gain is a kind of ‘electronic scalipng factor which can ef-
fectively change the maximum energy presented as input te the

converterl.

In oraer to know that these 20 units actually represeanted 10
Mev, we wouid have to have done a ground caljibration using a
known analog signal, or we would need to kmow the detector thick-

ness, and use range/energy theory.
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If the detector thickness is known, the enerqy’at'the»éndpoipt
is also known through range/energy theory. This theory is very
good for a stopping material with one componeant, as is the case
with these detectors.

Even if we calibrate the emergy on the ground, the electronic
behavior ia space may chaage, so that self-éonsistent
range/senerdgy calibration methods are desjirable too.

From the above brief discussion we can see how it is possible
to determine the make-up of cosmic-ray fluxes. The rate of ener-
gy loss of a particle in a detector stack {(stopping material)
Separates the cosmic rays tracks into types of nuclei. From
range/energy calibrations We can assign energy distributions to
the particle types. Finalli, by counting the number of particle

the value of the flux itself.

. L - - : - .
type event_s in a given time at a given enerqgy,- we can arrive at
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@ Individual particle enercy losses

Oxygen

Nitrogen

. Carbon

| EvEReY
| {4tector A1)

Helium-4

. Proton

ENERGY (detector A2)

Individual particle energy deposition in two stacked

detectors, when the particles have the same initia.l
total kinetic energy.
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Figure 2zz:  £ Particle uass~1ines-

b
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Mass lines are formed when the particle initial
kinetic energy is a continuous range of energies.
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figvre 233 The full evert mass line shcwirg C-

penetraticn
Oxygen
ENERGY
(A1) Nitrogen
Carbon
~Helium-4
Proton
ENERGY (A2)

Each mass line has its own point of penetration through
detector A2. The curves after that point fold back on
each other. ' v




page 107

A

Fiqure -24: Ite endrcint cf a wass lire curve
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particle mass line
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penetration point

ENERGY (a2)
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re 25: 3-~disgersicral mass line penetrating thru C

A stack of three detectors, Xl, A2, and C1, showing -
penetration points for A2 and C1. :
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ptherl Terms- Associated with the Detectors and the Exrerisemtal

gata

These terms are Lriefly explained in the fcllowing section.

of fset dead iayver
spacings geometric factor
track widck clant threshold ‘

response matrix [or response mode)

In addition to the thickness of the detectcrs which leads to a
characteristic FsMeV for a particular amplifier gain setting,
there may be an overall detector system electronic 'CFFSET!'. The
cffset arises from a non-zero baseline energy signal from the

System. Signals frcm rarticles losing energy in tlte detector
then are édded onto this ncn—-zero baseline. The ~magnitude of
this offset must be kncwn to assign enerqgy values to the PHA
channel values correctly. Determination of the offset is dis-

cussed in the main dccument.

The detector stack ccntains materjal called LCEAD LAYERS.

khen the cosmic-ray particle passes through a dead layer, it los-
es enerdi, but that enerqgy is of can not be measureé. A dead
layer may arise ,for exanrle, from the thin ccating of gold which
ccvers and protects the detector surfacea A dead layer reduces
ionization 'cross talk' Letween derectors in the stack. In the
calilration prccess, the energy losses in the deaa layers need to

be handied correctly too.

Eeferringy to Fiqure 1, we now uaeed to consider the effect of
the relative SEACING between detectors. The spacing reeds tc be
known in order to calculate a quantity called the GECFETRIC FAC-

TCR. ' The telescope is ahle to observe only a part of the tctal
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¢lux in its immédiate area on the satellite. This is illustrated
jo the diaqrais of Fiqures 26 . i B

several particle trajectories are illustcated there. Paths a
and c enter through Al ard stcp in the stack, or may pass through
che quard. 'a' may penetrate the wnole stack. 'd* woula not be
oA analyzed by the experimert logic because it did not pass irni-
cially thru A cr B detectcrs. For the eveats which are like path
vc', there is a 'ccne of accefrtance! intc the detectcr. Events
like 'b* have a sliqhtly different cone of acceptance. There are
alsc cone of acceptance limits from the B detector side of tﬁe
telescope. Fiqure 26 b sltous examples c¢f tuc different comnes.

cther particle events actually exist in a 360 degree sphere
all around the te2lescope. Anisotropy in the flux may cause a
rredominance of entry into the <ctelescope fromn one particular di-
rection. We need tc calculate the fraction of the tctal sphere
which the cone of acceptance defines in order correctly to calcu-
late the magnitude of the flux from the data. The unitless roum-.
ter is called tke telesccpe GEOMETRIC FACTOR. It changes as the
length of the telescaope is traversea. The gecmetric factor is
.actually an inteqral over the solid angle defined -by the cone of

acceptance.

An example cf some mass line data is given in Figure 27 . . The
Flot shows a mass line as it appears exferimentallye. Actual A1l
apd A2 channels are plotted, corcrespoading to the entire range of
enerqies observed for these rarticuiar nuclei. The mass line has
a width, called TRACK WILTB, which occurs because of a number of
factors. One of these is the statistical property cf the range
distribution which was menticned earlier. Another is the angle
6t entry into the detector stack, which bhas tne effect of short-
ening the expected average range DecausSe BOLE maﬁerial_is being
traversed in the same perpendicular uistance. This is illustrated

in Figure 28




page 111

e

prs——y

another ot the factors cortributing ta the track width is the
detector resolution. This quantity is the anueber below which the
jetector cannot distinquist aad separate energies. It is related
tc the enerqgy signal charge collection efficiency and respoanse

time of the detectors.

In the analysié of these particle tracks, energy recions alocng
the track ére jefined by scientists. More than cne region may be
jefined tor one track: This is shown in Figure 29 .

.

These reqioas are defired ia tables which contain as thke re-
qion definition, for example, the Al lower and UpFer channel
tounds for each A2 channel ip the regiom. The regions are termed
EESPCNSE MATRICES. Rz ard 81 would also be given a mnemonic name
tc distinquish then. These -anemonic names are called modes, and

the regions are alsc Ieferred to as respcnse rodes.

A few other experimental terms need to ke rentioned before the
calitration process is explained. The PHA type data falls into
several categories. These categories are listed in Table 1

There are 3 main categories. These are:

A-Stopping events coring from the *A' side of the
telescope and stopping in the stack at A2 or cne of the
detectors C€1,C2, cr C3. .

E~-Stopping as abcve for 'B?! side
at B2 or one of the detectors C4, C3, or Cc2

Penetrating events coming from either the A or E

sides which penetrate through the C stacke.

Ccnly 3 PHA values can te kept for any event. Fcr stopping
events which pass through the outer 2 detectors, the 3rd PHA val-
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ue comes from the sum of CZ + C3 + C4 or the sumwoﬁlc1wchgﬂ+vc3.,

A TR

Fcr penetrating events, the 3 PHA Values come from

El, Cl, and the sum of the CZ + C3 + C4 detectors. There is one
cther cateqory cf 2event tyres to be noted. One of these is the
premonic.- frow Table | IEZ2. This event is partly defined by a

SLANT THRESHOLL, tke 'SB2' term ia the acconpanying-légic equa-

tiona

The slant thresholds are an electronic summing technique to
elizinate some range of events or backqround counts. The concapt
is that if vyou plot A vs B then the slanted linpe n = A + B di-
vides the plot into two reqgicms, where n is ary constant. Hence,
ore can select all events that lie above the slant. This cculd
be used to elirinate ligtter particles frcm a matrix Flot. The
numbers used 1in the slant threshold are taken from the Science
Requirements document and they do not particulacly enter into the
analysis unless the detectcr mcdel threshcld is set to high. The
slant for Voyager was taken frowm an ISEE model detector.

Foilowing is an exampie of a slant threshcld for ISFE.

SA1z A1 ¢ J6A2 + L37E(CT + C2 + C3) = 35S
SA2: A1 + .6A2 +5.43 (C1 + C2 + C3) =105
S8 : B1 + E2 + (€1 + €2 + €3) = 6C

Closing-

The above basic descriftions should familiarize a new reader
with calibration terminoloqgy, although gaps in understanding will
exist for anyone unfamiliar with the experimental mettcds. The
teader is now referred tc the =aain docurent, Sections 1-3 for a
cre detailed descriptioan of the calipration zethod and results.
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Fiqure 26 _: a Different paths through the telescope

1

path a path b
f(\:\ path ¢
N
v
J
4
path d
I
i -
d’ ’.1_ C Tﬁ—
g_[——...__:_ - Some possible particle
“ I paths through the detector
T ﬁ e _stack “
. \ guard
_—-j ¢
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Fiqure :26:h A ccne cf acceptarce fcr everts into the
Telesccte )
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A different possible
One possible solid solid angle in the
angle in the stack detector‘stack
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© “Figure 213: Experizental mass line data
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Figure 28: Differert tkicknesses of naterial are
. traversec.

az a1 A detector
element




’ e . page 117

Pigure 28 _Bespcnse pcde regices alcrg a TRACK

response region 1

DERGY
(n1)

response region 2

ENERGY  (A2)




